Abstract: This study focuses on determining the variation of indoor pollutants in public transport buses in the City of Toledo running on biodiesel (BD) and ultra low sulfur diesel (ULSD). The indoor pollutants monitored are carbon dioxide (CO 2 ), carbon monoxide (CO), sulfur dioxide (SO 2 ), nitric oxide (NO), and particulate matter (PM). Temperature (Temp.) and relative humidity (RH) are also measured inside the vehicle in addition to the monitored in-vehicle pollutants. The various factors generally affecting indoor air quality in any microenvironment are indoor sources of pollutants (people, furniture, etc.), ventilation, outdoor air quality, meteorology, pollutant decay, and vehicular traffic. The objective of this research paper is to study the daily, monthly, and seasonal variation of in-vehicle pollutants in relation to different variables and also determine the statistical significance of in-vehicle pollutant levels in biodiesel and ultra low sulfur diesel buses. The daily, monthly, and seasonal variations of the pollutants monitored are studied and it was observed that the pollutant level buildup within a bus compartment is due to a combination of different factors and not a result of variation due to a single variable.
INTRODUCTION
Indoor air quality is one of the major environmental concerns since people spend about 90% of their time indoors and about 7% of their daily time commuting, mostly between their workplace and their residence [1] . It has been documented that motor vehicles produce about 1.538 trillion kilograms of carbon dioxide (CO 2 ) emissions and the road transportation sector contributes about 56% of total carbon monoxide (CO) emissions, 38% of total nitrogen oxides (NO x ), 2% of particulate matter less than 2.5 micrometer (PM 2.5 ), 1% of particulate matter less than 10.0 micrometer (PM 10 .0 ), 23% of volatile organic compounds (VOCs), and 2% of total sulfur dioxide (SO 2 ) [2] . Over the years, vehicular usage has been increasing rapidly in combination with a booming growth in population. These factors make air pollution caused by vehicles a potential health hazard. People *Address correspondence to these authors at the Department of Civil Engineering, The University of Toledo, Toledo, Ohio -43606, USA; Tel: 419-530-8120; Fax: 419-530-8116; E-mails: akadiya@rockets.utoledo.edu, akumar@utnet.utoledo.edu are exposed to higher levels of traffic pollutants when they drive in heavy traffic, stand near idling vehicles, and spend time at places near roads having high traffic, especially if the location is downwind of the road [3] . The degree of exposure level to pollutants is more for people commuting in a bus as compared to the levels of exposure occurring at bus stops or during loading and unloading [4] . Therefore, a careful study needs to be done to evaluate the exposure levels to people commuting in different transport microenvironments and the factors influencing pollutant levels. Many studies have been conducted to find the exposure of people to indoor air pollutants inside homes, schools and offices, and vehicle emissions as compared to studies that have focused on studying the exposure to in-vehicle pollutants.
Numerous studies are reported in the literature to assess the personal exposure to different pollutants in different vehicle microenvironments. Also, some of these studies have identified the factors that influence the in-vehicle pollutant levels. A study of in-vehicle pollutant concentration variations is more complex as compared to the study in buildings due to the fact that the vehicle is always in a mobile condi-tion. A study on the children's exposure to different pollutants while commuting in a school bus identified vehicle exhaust and self intrusion as influential factors affecting invehicle pollutant levels when the windows were closed, while ventilation settings were found to play a major role when the windows were open [5] .
A study of exposure to PM 10.0 , PM 2.5 , metals, thirteen organic compounds, CO, fine particle counts and black carbon by California Air Resource Board identified driving lane, roadway type, congestion level, time of day, and exhaust from lead vehicles as significant factors affecting the pollutant concentrations [6] . Road type, following distance between the lead vehicle and follow vehicle, and exhaust location of the lead vehicle were observed to be the important factors affecting vehicular pollutant concentrations where the pollutants studied are black carbon, ultra fine particles, oxides of nitrogen, carbon monoxide, carbon dioxide, PM 2.5 , PM size distribution and PM-bound PAH [7] .
Outdoor concentrations and traffic were found to have an impact on particulate matter concentrations in Munich public transportation systems that included buses and trams [8] . Route selected was found to be significantly affecting the PM 2.5 exposure levels for transport users as compared to the mode selected, and a combination of both the variables accounted for one-third of the exposure variation in a study having four different microenvironments that included bicycle, bus, car, and underground railway in London, UK [9] . Lead vehicle and type of test bus were observed to be the influential factors affecting in-vehicle pollutant levels when the windows are opened and closed respectively after considering the exposure to black carbon, particle bound polycyclic aromatic hydrocarbons, and nitrogen dioxide in school buses in Los Angeles [10] . Relationships for indoor air quality were developed using regression analysis for CO 2 , CO, SO 2 , and PM in public transport buses operating in Toledo, Ohio [11] .
Passenger exposure to emissions of benzene, toluene, xylene, and formaldehyde in parked vehicles in the underground parking, i.e., exposure to emissions from materials in passenger cabins revealed that the emissions monitored were found to be higher in new vehicles compared to older vehicles [12] . Similar observations were made in another study on comparing the VOC levels in old and new vehicles [13] . The study also identified interior temperature, vehicle make, vehicle age, and the type of deodorizer used to play an important role in influencing the VOC levels. Providing ventilation during driving helped reduce the VOC levels significantly by 4-20 times compared to the levels obtained under a stationary condition. Exposure to about 24 gasoline related VOC's simultaneously with ozone, CO, and NO 2 was investigated; and road types, driving time, and air conditioning were found to significantly influence the monitored pollutant levels [14] .
Exposure to PM 10.0 and ultra fine particles on-road and in-vehicle were studied and it was observed that the exposure was higher in areas of heavy traffic and during peak hours [15] . It was also observed that the on-road levels were influenced by rush hours while in-vehicle levels were influenced by the stop and go traffic predominantly found at signals. Exposure of passengers to VOCs in four different public commuting modes -taxi, subway, air conditioned bus, and non-air conditioned bus was studied; and it was observed that passenger exposure was influenced by the commuting mode selected by the passenger [16] . Similar observations were made by another study in Guangzhou, China where the pollutants studied are particulate matter and carbon monoxide [17] . The study also reported lane of travel, air conditioning system, internal sources, and ventilation settings to impact the in-vehicle levels, while driving time was not found to be important.
A study of exposure to CO in three different commuting modes -bus, minibus, and taxi concluded that the exposure apart from being influenced by heavy traffic and street configuration was increased by 2-3 times in tunnel microenvironment compared to urban and sub-urban roads [18] . The study also reported vehicle height, size of the vehicle, leakage and intake positions of ventilation systems to affect pollutant levels while much variation is not observed between levels in air conditioned and non-air conditioned vehicles. The influence of peak hours, road type, and ventilation settings on in-vehicle concentrations of 1-3 butadiene and benzene was studied, and it was observed that the in-vehicle concentrations were found to be 50% higher inside the bus compared to new cars and 25% higher than old cars [19] .
A study of exposure to PM 1.0 , PM 2.5 , and PM 10.0 , during walking and in-car travel in Northampton, UK showed that the exposures were higher in the case of cars compared to those walking [20] . Exposure to PM 2.5 , CO, benzene, and chemical composition of PM 2.5 was studied on three different transportation modes and it was observed that low wind speed contributed to higher CO and PM 2.5 concentrations [21] . Another study of exposure to CO levels in five different commuting modes that included bus, collective taxi, minibus, auto, and metro in Mexico City identified road lane used and vehicle size to affect the CO levels [22] .
A study of driver exposure to CO in Nottingham, UK observed air conditioning to play a major role in influencing invehicle pollutant levels [23] . Similar observation was made in a study of exposure to PM 10.0 and PM 2.5 in over eight different transportation modes [24] . Exposure to aromatic VOCs were studied in nine different commuting modes that included tram, public light bus, air-conditioned bus, non airconditioned bus, taxi, ferry, and three railway systems comprising of Mass Transit Railway-MTR, Kowloon-Canton Railway-KCR, and Light Rail Transit-LRT; and it was observed that VOC levels were influenced by the mode of transport [25] . A study of exposure to CO, nitric oxides, total hydro carbons, and ozone in six different commutes in Hong Kong concluded vehicle body position, intake point of ventilation, ventilation effect, transportation mode, road type, driving conditions, and relative distance from emission source to possibly affect the pollutant levels [26] .
Exposure to VOCs from six main roads were studied in Taichung, Taiwan and it was observed that the VOCs were not correlated to traffic density which was in contradiction to the findings of other studies [27] . Study of exposure to CO and CO 2 in different buses inside and outside using portable monitors showed that in-vehicle levels are 10 times higher compared to outdoors, and CO 2 levels were mainly influenced by passengers and not the driving environment [28] .
Another study of exposure to PM and CO along a standard route identified higher in-vehicle levels to be a result of higher traffic, and exposure to pollutants were influenced by time of the day, average speed, wind speed, and relative humidity [29] . A PM 2.5 exposure study in transport microenvironment in the UK observed that there was considerable variation in exposure levels based on the route selected [30] . In-vehicle particle number concentrations on clean diesel, retrofitted diesel, and non-retrofitted diesel school buses were studied; and it was observed that retrofit diesel buses produced less in-vehicle particle number concentrations [31] . It was also observed that particle number concentrations were found to be significantly affected by engine age, bus idling behavior, and ambient particle concentrations. A study of exposure to CO in Athens area observed transport mode, route selected, monitoring period, and season to be affecting vehicular CO levels [32] . Statistical significance of occupant exposure was studied along with temporal variation of invehicle pollutant concentrations of CO 2 , CO, SO 2 , NO, NO 2 , and PM 2.5 in public transport buses operating on alternative diesel fuels in Toledo, Ohio [33] . It was observed that the mean 8-hour exposure to CO 2 and SO 2 were found to be significantly higher inside ULSD buses as compared to B20 fueled buses, while the CO and NO concentrations were found to be higher inside B20 buses. The study also observed exposure to NO 2 and PM 2.5 to be statistically similar for both the buses and none of the pollutants monitored except CO exceeded the TWA limits.
Many studies have also found in-vehicle pollutant concentrations to be many times higher than those observed in ambient air [6, [34] [35] [36] . Only a few studies are reported in the literature that have summarized the personal exposure studies to pollutants like PM 2.5 , ultrafine particles, and CO in a traffic microenvironment [37] [38] [39] .
From the personal exposure studies reported in the literature in the case of pedestrians and cyclists, it can be stated that the exposure to pollutants inside a vehicle were consistently higher compared to those outside the vehicle. It was also observed that the pollutant exposure was found to be higher in congested roads where there was heavy traffic and during the peak hours. Many studies reported communities that are nearby roads have higher exposure to pollutants coming from exhausts. All the vehicular studies reported in the literature have used regression analysis to determine the influential factors except for a few studies where regression tree analysis was used to find the factors affecting in-vehicle pollutant levels [40] [41] [42] . A couple of studies observed regression tree analysis to perform better than regression analysis on comparing their performances with the monitored in-vehicle pollutants of CO 2 , CO, NO, NO 2 , SO 2 , and PM [40, 42] . One study determined the influential factors affecting in-vehicle levels of CO 2 , CO, NO, NO 2 , and SO 2 pollutants on a monthly, seasonal, and yearly basis using regression tree analysis [41] . From the review of vehicular studies, it was observed that the in-vehicle pollutant levels were influenced by meteorological conditions, characteristics of vehicle (old or new), vehicular traffic, exhaust pipe location of lead vehicle, ventilation settings, lead vehicle type, etc. However, most of the studies have used only a limited number of variables that could possibly influence the invehicle pollutant concentrations and were conducted over a shorter period due to the cost of conducting experiments. Only a few studies have monitored real time on-road variables continuously over a longer period of time along with the indoor concentrations [11, [41] [42] [43] . This study is a part of the research to determine the variation of in-vehicle pollutants over a period of one year for both BD and ULSD buses. None of the studies reported in the literature have determined the trends of indoor vehicular pollutants for over a year and compared the indoor air quality for vehicles operating on alternative fuels. The research objective of this paper is to study the daily, monthly, and seasonal variation of in-vehicle pollutants in relation to different variables.
DATABASE DEVELOPMENT
The methodology adopted in database development is discussed briefly in this section. A couple of studies have provided a comprehensive discussion on the experimental setup used for monitoring indoor pollutants in any vehicular microenvironment without concerns to the safety of the instrument and power supply to the instruments over longer periods of time [33, 42] . Daily real-time in-vehicle pollutant concentrations were obtained using Grimm 1.108 Dustmonitor, Yes Plus, and TSI Dusttrak TM 8520 instruments. While Grimm and Dusttrak instruments are used to measure the vehicular particulate matter levels, Yes Plus instrument is used to measure gaseous pollutants that included carbon dioxide (CO 2 ), carbon monoxide (CO), nitric oxide (NO), and sulfur dioxide (SO 2 ). In addition, the Yes Plus instrument also measures two important indoor air quality comfort parameters: temperature and relative humidity simultaneously. "Grimm 1.108" is a sub-micron aerosol spectrometer developed by Grimm Technologies, Inc., [44] used by the researchers to monitor the sub-micron in-vehicle particulate matter levels or particle counts. "Dusttrak TM 8520" is another particulate matter monitoring instrument developed by TSI Inc., [45] used by the researchers to monitor in-vehicle particulate matter levels. "Yes Plus" is a 15 channel multi-gas air quality monitoring instrument developed by Critical Environmental Technologies [46] used by the authors to monitor in-vehicle gaseous concentration levels. Refer to Table 1 for more details on the instrumentation working capabilities.
The fleet selected for the study was the 500 series Thomas built buses (acquired by Detroit Diesel) of the Toledo Area Regional Transit Authority (TARTA) line up, with a Mercedes Benz MBE 900 engine and the route selected was Route # 20 (refer Fig. 1 ) which runs between the TARTA garage (A) and Meijer (B) on West Central Avenue strip in Toledo, Ohio. After selecting the fleet, each bus was checked if all the cameras inside the bus are working. Two buses were selected from the 500 series in which all the cameras are in working condition with one bus running on BD (ID: 506 with 106K engine miles acquired by TARTA in 2003) and the other running on ULSD (ID: 536 with 108K engine miles acquired by TARTA in 2003) to assess the in-vehicle air quality. Both the buses are "Thermo King" air conditioned and outdoor air penetrates indoors mainly through the windows (no: 10) and doors (no: 2) when opened. Both the selected test run buses operated on the same route with a time lag of 12-20 minutes between each run.
Indoor air quality was monitored 24 hours a day, seven days a week (24 7) by the three instruments on a 1-second interval and provided the output as 1-minute averages that were stored in the in-built memory cards. The collected data were frequently downloaded to a laptop to ensure proper working of the instruments and the average hourly pollutant concentrations are computed. To study the effect of meteorology on indoor air quality, the unedited local climatological data which consists of unedited hourly details of ambient temperature, ambient relative humidity, wind speed, wind direction, total precipitation, and visibility were downloaded from the National Climatic Data Center website [48] and formatted to obtain the hourly details. Ambient PM 2.5 concentrations were obtained from U.S EPA on request. Other real-time variables such as passenger count, vehicular traffic in the front (cars and buses/trucks), bus operating conditions (run/idle), and door status (open/close) are monitored by analyzing the hard drives taken from the buses at the end of each week that recorded the video from closed circuit cameras. The processed hourly averages are then used to determine the trends and variations on a daily, monthly, and seasonal basis. One study has been found in the literature that has provided more details on the bus camera positions and real-time data monitoring methodology [42] .
To make sure that the data collected was a quality one, Yes Plus monitors were calibrated each week since May 2007 for gaseous sensors. The Grimm 1.108 Dustmonitor instruments were regularly cleaned with canned air and the particulate filters (47mm Teflon) were frequently replaced at the end of three weeks to prevent clogging of inlets. It was made sure that the Grimm monitors were still under factory calibration and this ensured quality data from it. The Dusttrak monitors were zero checked and the nozzles were cleaned at the end of each week, and particulate filters replaced at the end of three weeks to obtain good quality data from the instruments. A couple of studies can be found in the literature that provided a detailed discussion on the calibration and maintenance procedures adopted by the researchers to ensure quality data were obtained from the instruments [33, 42] .
DATA COLLECTED AND DATA USED FOR TREND ANALYSIS
The indoor air quality data were collected from the set of three instruments placed in each 500 series bus which ran on Route #20. As the gaseous concentration instrument had to be sent back to the factory for updating the mother board in Since only 2 buses have been used for the study, a two sample t test was used to evaluate and compare the statistical significance of the hourly pollutant averages from the two buses on a monthly and seasonal basis. The different seasons in this study are defined as winter (January-March), spring (April-June), summer (July-September) and fall (OctoberDecember). The data were divided into these seasons to analyze the trends of the in-vehicle pollutants seasonally. The raw data were processed and classified into different seasons to study the seasonal variations. It should be noted that for monthly and seasonal comparison of gaseous pollutant levels, data collected during the three months (Jan., Feb., Mar.) and winter season should not be compared as they represent two different years (2007 winter (Jan. -Mar.) for ULSD bus and 2008 winter (Jan. -Mar.) for a BD bus). The same conditions apply when comparing particulate matter levels across different months and seasons from different years.
RESULTS AND DISCUSSION
This section presents the daily, monthly, and seasonal trends observed for different pollutant concentrations and a discussion on the possible factors that could have affected the variations is summarized. Different statistical parameters such as arithmetic mean or average (AM), standard deviation (SD), minimum (Min.), maximum (Max.), quartile 1 (Q1), quartile 3 (Q3), and coefficient of variance (CV) are computed for hourly average pollutant concentrations on a monthly and seasonal basis for each monitored in-vehicle pollutant. A two sample t test is used to determine if the means of hourly average pollutant concentrations are significantly different or not for BD and ULSD buses for different months and seasons, and data that is representative of only the months and seasons of the same year during which both buses were tested simultaneously is used for the analysis. The authors did not consider the data collected from different months and seasons of different years when performing the two sample t test as the driving conditions, traffic, and meteorological conditions change completely. The null hypothesis (H 0 ) is the means of hourly average pollutant concentration in both B20 and ULSD buses are same. The alternative hypothesis (H a ) is the means of hourly average pollutant concentration in both B20 and ULSD buses are different. We reject the null hypothesis and accept the alternate hypothesis that difference between B20 and ULSD hourly average means is not zero and the difference is statistically significant if p-value < 0.05 ( ). We accept the null hypothesis and reject the alternate hypothesis that difference between B20 and ULSD hourly average means is zero and the difference in hourly average means is not statistically significant if p-value > 0.05 ( ). MINITAB 15 ® was used to perform this test. Fig. (2) presents a comparison of CO 2 levels in BD and ULSD buses on a monthly basis. It can be observed that the CO 2 levels were found to peak between 8:00 am and 11:00 am while most of the people would be going to their work places and children going to schools. The CO 2 levels decreased in the afternoon when there was a decrease in the number of passengers in the bus and a peak is again observed between 5:00 pm and 8:00 pm, the time at which most of the people would be returning home. After 8:00 pm the levels go down once again and another small spike in concentrations is observed in some cases when there is an increase in passenger ridership. The CO 2 levels reached a daily maximum of 2100 ppm in some days and quite frequently reached 1200 ppm -1500 ppm during the peak hours. These higher concentration levels are generally observed during the peak hours and at traffic signal junctions when there are many vehicles in an idling position along with the bus. This observation was made from the video analysis. Table 3 presents the summary of statistical parameters associated with seasonal CO 2 levels. Two sample t test indicated that there is statistically significant difference between mean hourly averages of CO 2 pollutants in BD and ULSD buses on a seasonal basis (T = -3.40, P = 0.001). It was observed that the seasonal CO 2 levels in an ultra low sulfur diesel bus ( = 589.3 ppm) are statistically significantly higher compared to the seasonal CO 2 levels in a biodiesel bus ( = 553.1 ppm) for the seasons from spring 2007 to fall 2007. The Toledo area receives a fair amount of snowfall in the winter. Relatively higher CO 2 levels are observed in a BD bus during the winter as compared to other seasons since the windows are kept in closed positions by the passengers to keep warm and there is insufficient air exchange to prevent pollutant buildup in the bus. This observation of keeping the windows closed during winter was made from the video analysis. However, lower levels of CO 2 observed in a ULSD bus during winter are mainly a result of more ventilation. During the other seasons, windows are kept open for longer durations and the pollutant concentration buildup is mainly due to the penetration of outdoor CO 2 emissions coming from vehicle exhaust and to some extent on passenger ridership. While the daily variation of carbon dioxide is due to a combination of passenger ridership, vehicular traffic, ventilation settings, and bus status; monthly and seasonal variations are caused mainly due to vehicular traffic and ventilation settings. It can be inferred that in-vehicle carbon dioxide levels are influenced by passenger ridership, ventilation settings, and vehicular traffic.
CO 2 Concentrations:

CO Concentrations:
The monthly variation of CO levels in BD and ULSD buses with time can be observed from Fig.  (4) . The gradual increase in the CO levels in the morning might be due to the fact that there is more traffic as most people would be travelling to their work places and schools. CO levels decrease in the afternoon during which less traffic is observed and increases once again in the evening when people return from their work places and another peak is observed between 9:00 pm and 11:00 pm. The daily maximum concentrations reached 35 ppm frequently and a maximum of 50 ppm was observed during periods of heavy traffic. Table 4 presents the summary of different statistical parameters obtained for CO in BD and ULSD buses on a monthly basis. Two sample t test indicated that there is statistically significant difference between mean hourly aver- Table 5 presents the summary of statistical parameters associated with seasonal CO levels. Two sample t test indicated there is statistically significant difference between mean hourly averages of seasonal CO concentrations in BD and ULSD buses (T = 14.83, P = 0.000). It was observed that the seasonal CO levels in an ultra low sulfur diesel bus ( = 7.31 ppm) are statistically significantly lower compared to the seasonal CO levels in a biodiesel bus ( = 19. It was observed that a ULSD bus produced more CO emissions compared to the biodiesel bus [49] . During the winter period, since there is heavy snow on road, the buses move more slowly during which there is a possibility of more self intrusion of the CO pollutant from the bus exhaust pipe even for less ventilation. The CO pollutant levels observed in ULSD bus during other seasons changed along with varying vehicular traffic. One can observe the winter CO levels in BD and ULSD buses to be exhibiting different trends from Fig. (5) when both the bus moves slowly due to snow conditions even though one would expect to see similar trends. This is a consequence of collecting data for winter during two different years where the driving conditions and the severity of the winter change completely. Also, the observation that ULSD bus produced more CO emissions as compared to BD bus [49] justifies that relatively higher self exhaust characteristic playing a major role in obtaining higher CO levels in ULSD bus during winter 2007 as compared to the CO levels in BD bus during winter 2008. The daily, monthly, and seasonal variations of CO are mainly caused by the combination of vehicular traffic and ventilation settings, while speed of the vehicle could have an effect to some extent. Fig. (6) presents the monthly variation of SO 2 concentrations in BD and ULSD buses. All the data values less than the sensor resolution were removed from the analysis. SO 2 concentrations were found to be higher during the morning peak hours when vehicular traffic is more. SO 2 concentrations then either remained the same or decreased in the afternoon and once again increased during the evening peak hours and in the late night in proportion to the vehicular traffic. The SO 2 levels reached a daily maximum of 2 ppm in some days and quite frequently reached 0.7 ppm. monthly basis. Two sample t test indicated that there is statistically significant difference between mean hourly averages of monthly SO 2 pollutant levels in BD and ULSD buses (T = -48.61, P = 0.000). It was observed that monthly SO 2 levels in an ultra low sulfur diesel bus ( = 0.49 ppm) are statistically significantly higher compared to the SO 2 levels observed in a biodiesel bus ( = 0.15 ppm) for the months during which data were collected simultaneously from both the buses. The higher SO 2 concentration levels in an ultra low sulfur diesel bus could be a result of more penetration of SO 2 exhaust emissions from the higher lead vehicular traffic with less ventilation compared to the biodiesel bus case where the lead vehicular traffic is relatively less with more ventilation. This observation was observed from the video analysis. Fig. (7) presents the seasonal variation of SO 2 concentrations in BD and ULSD buses and Table 7 presents the summary of statistical parameters associated with seasonal SO 2 levels. Two sample t test indicated that there is statistically significant difference between mean hourly averages of seasonal SO 2 pollutant levels in BD and ULSD buses (T = -44.07, P = 0.000). It was observed that seasonal SO 2 levels in an ultra low sulfur diesel bus ( = 0.52 ppm) are statistically significantly higher compared to the seasonal SO 2 levels observed in a biodiesel bus ( = 0.15 ppm) for the seasons from spring 2007 to fall 2007. Relatively higher SO 2 levels are observed in winter 2007 for ULSD bus compared to other seasons. This could be due to more infiltration of sulfur dioxide emissions coming from the slow moving traf- NO Concentrations: Fig. (8) presents the monthly variation of NO in BD and ULSD buses. All the data values less than the sensor resolution were removed from the analysis. A peak is obtained early in the morning between 6:00 am and 8:00 am. The concentration levels then decrease and the second spike is observed around 11:00 am. The concentrations decrease further in the afternoon and an upward trend is observed between 4:00 pm and 8:00 pm. The NO levels reached a daily maximum of 3 ppm in some days and quite frequently reached 2 ppm. Table 8 presents the summary of different statistical parameters obtained for NO in BD and ULSD buses on a monthly basis. Two sample t test indicated that there is statistically significant difference between mean hourly averages of monthly NO pollutant levels in BD and ULSD buses (T = 3.26, P = 0.002). It was observed that monthly NO levels in an ultra low sulfur diesel bus ( = 0.36 ppm) are statistically significantly lower compared to the monthly NO levels observed in a biodiesel bus ( = 0.49 ppm) for the months during which data were collected simultaneously from both the buses. Nitric oxide levels are found to be relatively higher in a BD bus as compared to a ULSD bus in certain months, even though the number of lead vehicles for ULSD bus are higher. Thus, it can be inferred that ventila-tion settings have played a major role influencing daily and monthly in-vehicle NO levels along with vehicular traffic. Fig. (9) presents the seasonal variation of NO concentrations in BD and ULSD buses and Table 9 presents the summary of statistical parameters associated with seasonal NO levels. Two sample t test indicated that there is statistically significant difference between mean hourly averages of seasonal NO pollutant levels in BD and ULSD buses (T = 3.83, P = 0.000). It was observed that seasonal NO levels in an ultra low sulfur diesel bus ( = 0.36 ppm) are statistically significantly lower compared to the seasonal SO 2 levels observed in a biodiesel bus ( = 0.47 ppm) for spring 2007 and fall 2007 seasons. Relatively higher NO levels are observed in a BD bus for spring 2007 and fall 2007 indicating higher penetration of outdoor NO indoors even for less number of lead vehicles with more ventilation, that resulted in more accumulation of in-vehicle NO levels as compared to the ULSD bus having more number of lead vehicles and less ventilation. NO levels are observed to be the maximum in ULSD bus during summer 2007. NO emissions were found to be higher for ULSD buses as compared to BD buses [50] . Hence, higher vehicular self pollution even for less ventilation in addition to penetration of NO exhaust emissions from lead vehicles could have contributed to high vehicular NO levels in summer 2007. The daily and monthly variations of NO are mainly a result of varying traffic and ventilation settings while seasonal variation is a result of change in ventilation settings and vehicle exhaust emissions. The particulate matter levels were found to be mainly influenced by ambient PM 2.5 concentrations; therefore, repetitive trends are not observed. The particulate matter levels were found to be higher during the early hours, around 6:00 am when the bus leaves the garage where there are a lot of buses kept in idling position and the concentrations decrease as the bus goes out on the run till 8:00 am. The concentrations then increased during the peak hours and remained high until noon. The concentrations then decreased in the afternoon and again increased during the evening peak hours. Some spikes are observed during the night whenever there is an increase in the number of trucks and buses ahead of the test bus. Particulate matter levels are also found to be higher when the test bus reaches the garage where many other buses would be in idling condition. The PM 10.0 , PM 2.5 , and PM 1.0 levels reached a daily maximum of 200 g/m 3 , 80 g/m 3 , and 60 g/m 3 in some days and quite frequently reached 120 g/m 3 , 60 g/m 3 , and 40 g/m 3 respectively. Table 10 presents the summary of different statistical parameters obtained for PM 1 )] for the months during which data were collected simultaneously from both the buses. The biodiesel particulate levels are slightly higher compared to the levels in ultra low sulfur diesel bus. This shows the daily and monthly variations in PM levels are a result of the variation of vehicular traffic with buses and trucks in front of the test vehicle to some extent with ambient particulate concentrations playing a major role. Table 11 presents the summary of different statistical parameters obtained for PM 1 Figs. (13, 14, and 15) show that the particles with aerodynamic diameter between 0.30 μm and 0.40 μm constitute the majority of the composition for PM 1.0 . (T = 3.84, P = 0.000). It was observed that monthly particle numbers having size range between 0.30 μm and 0.40 μm in an ultra low sulfur diesel bus ( = 49813 particles/litre) are statistically significantly lower compared to the particle numbers with diameter between 0.30 μm and 0.40 μm observed in the biodiesel bus ( = 82609 particles/litre) for the months from January 2007 to March 2007. Table 13 presents the summary of different statistical parameters obtained for particle numbers with diameter between 0.30 μm and 0.40 μm concentrations in BD and ULSD buses on a seasonal basis. Two sample t test indicated that there is statistically significant difference between mean hourly averages of particle numbers with diameter between 0.30 μm and 0.40 μm (T = 3.48, P = 0.003) for winter 2007.
SO 2 Concentrations:
It was observed that seasonal particle numbers having size range between 0.30 μm and 0.40 μm in a biodiesel bus ( = 82609 particles/litre) are statistically significantly higher compared to the particle numbers with diameter between 0.30 μm and 0.40 μm observed in an ultra low sulfur diesel bus ( = 49813 particles/litre) for winter 2007. The particulate matter levels were influenced by vehicular traffic, ventilation settings, and the speed of vehicle in addition to ambient PM levels.
CONCLUSIONS
A field study to continuously collect indoor air quality data in two public transport buses running on biodiesel and ultra low sulfur diesel for a period of one year was successfully completed. A comprehensive study of the in-vehicle pollutant trends helped in a better understanding of the indoor air quality in a bus. Trends of pollutant concentrations were studied to identify the daily, monthly, and seasonal patterns. The trend and statistical analyses revealed:
Repetitive trends are observed for each pollutant exclusive of PM with respect to time of day.
All the pollutant concentrations increased during the peak hours.
Indoor pollutant levels are generally found to be higher in winter months as compared to summer months, due to lower air exchange from outside the vehicle into the bus compartment. Peak concentrations are observed at traffic signals when the bus is in an idling position along with other vehicles.
While the daily variation of carbon dioxide is due to a combination of passenger ridership, vehicular traffic, ventilation settings and bus status, monthly and seasonal variations are caused mainly by vehicular traffic and ventilation settings.
The daily, monthly, and seasonal variations of carbon monoxide and sulfur dioxide are mainly caused by the combination of vehicular traffic, ventilation settings and, to an extent, by vehicle speed.
The daily and monthly variations of NO are mainly a result of varying traffic and ventilation settings while seasonal variation is a result of change in ventilation settings.
The daily and monthly variation in the particulate matter levels is a result of change in ambient particulate concentrations and varying vehicular traffic with buses and trucks in front of the test vehicle playing a major role while seasonal variation is caused by a combination of vehicular traffic, ventilation settings, and speed of vehicle in addition to ambient PM concentrations.
The pollutant levels of CO 2 and SO 2 are found to be statistically significantly higher in an ultra low sulfur diesel bus while the pollutant levels of CO, NO, particle numbers with size range between 0.30 m and 0.40 m are found to be statistically significantly higher in a biodiesel bus. PM concentrations are found to be statistically similar for both the test buses. 
